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POWER CONVERTER COOLING 

BACKGROUND OF THE INVENTION 

This invention relates generally to power conversion 
Systems and, more particularly, to a method and apparatus 
for cooling power converters. 

In the power generation industry, high Speed generators 
are used to generate electrical power at relatively high 
frequencies (typically a number of times higher than the grid 
frequency), and power converters are used to convert the 
high frequency AC power down to an AC grid frequency of 
50 or 60 Hz. This is accomplished by rectifying the high 
frequency AC signal and then generating a new sinusoidal 
AC wave of the desired frequency. The creation of the new 
wave involves the use of integrated gate bipolar transistors 
(IGBT's), which are switched at a carrier frequency rate, 
which is an order of magnitude higher than the power 
converter output frequency. Because of the necessary 
repeated on and off Switching of the IGBTs, they generate 
a Substantial amount of heat which must be dissipated. 
Without cooling this dissipated heat, the temperatures of 
solid state junctions in the IGBTs would exceed the maxi 
mum values, and the transformers would be permanently 
damaged. Accordingly, all high frequency power conversion 
equipment typically applies Some type of cooling in order to 
control these junction temperatures. 

The cooling requirement increases with power capacity in 
the IGBTs, and, at a given Switching frequency, as the 
amount of current going through an IGBT is decreased, the 
heat that is developed will be decreased. Accordingly if the 
temperature of the solid state junction can be reduced, then 
the current being Switched on and off through the junction 
can be increased to thereby enhance the power density of the 
power converter. Further, acceptable IGBT lifetime can be 
assured if the temperature of the Solid State junction is kept 
below a certain maximum value. 

Progress has been made in IGBT design to enable forced 
convection air-cooled finned cold plates in removing the 
heat from the transistors. However, forced-convection air 
cooling of finned cold plates is relatively ineffective due to 
the poor heat transfer between the cooling air and the finned 
cold plate. 

It is therefore an object of the present invention to provide 
an improved cooling method and apparatus for a power 
COnVerter. 

Another object of the present invention is the provision in 
a power converter for more effectively cooling the transis 
tors therein. 

Another object of the present invention is the provision in 
a power converter for reducing the temperature of the Solid 
State junctions while increasing the current flow therein. 

Yet another object of the present invention is to improve 
the life of transistors in power conversion Systems. 

Still another object of the present invention is the provi 
Sion for a power conversion System that is economical to 
manufacture and effective and efficient in use. 

These objects and other features and advantages become 
more readily apparent upon reference to the following 
description when taken in conjunction with the appended 
drawings. 

SUMMARY OF THE INVENTION 

Briefly, in accordance with one aspect of the invention, 
liquid refrigerant is used to reduce the temperature of the 
transistors and increase the current flow therethrough. 
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2 
In accordance with another aspect of the invention, liquid 

refrigerant is caused to flow through internal channels of a 
cold plate on which the insulated gate bipolar transistors are 
mounted. In this way, the heat from the transistorS is more 
effectively dissipated Such that the transistors can carry 
greater currents and operate more efficiently. 
By yet another aspect of the invention, the liquid refrig 

erant is taken from the discharge of a pump in an organic 
rankine cycle System and is routed to a power converter 
receiving the output of a high frequency generator driven by 
the organic rankine cycle turbine. 
By yet another aspect of the invention, the liquid refrig 

erant is taken from the discharge of a pump in an organic 
rankine cycle System and routed to a power converter 
receiving its electrical power from a generator driven by a 
microturbine. 
By Still another aspect of the invention, the liquid refrig 

erant is taken from the condenser of a conventional vapor 
compression cycle, and is allowed to expand into the cold 
plate, after which the resulting vapor is caused to flow back 
to the compressor of the vapor compression cycle. 

In the drawings as hereinafter described, a preferred 
embodiment is depicted; however, various other modifica 
tions and alternate constructions can be made thereto with 
out departing from the true Spirit and Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an organic rankine cycle power generation 
System in accordance with the present invention. 

FIG. 2 is a schematic illustration of the function of a 
power converter in accordance with the prior art. 

FIG. 3 is a schematic illustration of the cooling of a power 
converter in accordance with the prior art. 

FIG. 4 is a Schematic illustration of the cooling arrange 
ment for a power converter in accordance with the present 
invention. 

FIG. 5 is a schematic illustration of the cooling of a power 
converter in a microturbine System in accordance with the 
present invention. 

FIG. 6 is a schematic illustration of the cooling of a power 
converter with a conventional vapor compression cycle in 
accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, a rankine cycle System is shown 
to include an evaporator/cooler 11, a turbine 12, a condenser 
13 and a pump 14 arranged for the Serial flow of refrigerant 
therethrough as shown by the arrows. 
The evaporator/cooler 11 is commonly a boiler having a 

Significant heat input, and the energy Source that is applied 
as waste heat can be of any form of waste heat that may 
normally be lost to the atmosphere. For example, it may be 
a Small gas turbine engine (<500 kW), known as a micro 
turbine or a larger industrial gas turbine engine (>500 kW). 
In either case, the heat is derived from the exhaust gas 
thereof. Other possible sources of waste heat are from the 
exhaust gases and/or cooling liquids from internal combus 
tion engines. Finally, the energy may be derived from 
geothermal Sources or from landfill flare exhausts wherein 
the hot fluids are applied directly to the boiler to produce 
refrigerant vapor or applied indirectly by first using those 
resource fluids to drive an engine which, in turn, gives off 
heat which can be used as described hereinabove. 
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In operation, the evaporator/cooler 11 vaporizes the 
refrigerant which then passes to the turbine 12 for providing 
motive power thereto. Upon leaving the turbine 12, the low 
preSSure vapor passes through the condenser 13 where it is 
condensed by way of heat eXchange relationship with a 
cooling medium. The cooled condensed liquid is then pres 
Surized and circulated to the evaporator/boiler by a pump 14 
to complete the cycle. 

Drivingly connected to the turbine 12 is a high frequency 
generator 16. In order to be efficient, the turbine 12 must 
operate at high Speeds, and preferable the generator 16 is 
connected in a direct drive relationship Such that the gen 
erator 16 must also operate at relatively high Speeds. AS a 
result, and as desired for greatest efficiency, the power 
generated by the high frequency generator 16 is typically a 
number of times greater than the frequency of the grid (i.e. 
50 or 60 Hz) that is to receive the generated power. It is 
therefore necessary to provide a power converter 17 to 
convert the high frequency power to a lower frequency 
power that can be applied directly to the grid. 

Referring to FIG. 2, there is shown a functional diagram 
of what occurs within the power converter 17. Briefly, the 
high frequency AC Signal is passed through one or more 
rectifiers 18 that convert the power to DC, and then the DC 
signal is fed to an invertor 19 which generates the new 
Sinusoidal AC wave of the desired low frequency. 

The invertor function is accomplished by the Sequential 
operation of a great number of Switching mechanisms com 
monly referred to as IGBT's (insulated heat bipolar transis 
tors). Because of the required rapid Switching operation, the 
IGBTs tend to generate a great deal of heat which, if not 
dissipated, will quickly burn out the transistors. It has 
therefore become conventional practice to mount the 
IGBTs 21 on a cold plate 22 having a plurality of cooling 
fins 23 as shown in FIG. 3. In order to dissipate the heat from 
the cold plate 22 a cooling fan 24 is directed to circulate cool 
air over the fin 23. Although effective, this approach has 
been recognized by the applicants as inadequate in providing 
the degree of cooling that is desirable in order to allow for 
the desired power densities in the power converter 17. 

Referring again to FIG. 1, it will be seen that at the output 
of the pump 14 a relatively high pressure cold refrigerant is 
readily available and can be effectively used in the cooling 
of the power converter components. A line 26 is therefore 
provided to conduct a relatively Small amount of cold, high 
preSSure, liquid refrigerant to the power converter 17 where 
it is expanded into a plurality of internal openings 27 of the 
cold plate 22 as shown in FIG. 4. The flashing of the 
refrigerant into the cold plate 22 quickly and Substantially 
reduces the temperature of the cold plate, which is in contact 
with the IGBTs 21, and reduces the IGBT Solid state 
junction temperature dramatically, e.g. by 50 to 100 F. 
depending on the design. This, in turn, allows more current 
to be passed through the IGBTs, such that the power 
Switching capacity of the Solid State hardware increases 
substantially thereby increasing the power density by 50 to 
100%, thus reducing the cost of power conversion equip 
ment by the same percentage. 

After the refrigerant passes through the cold plate 27 the 
resulting refrigerant vapor is passed along through the 
condenser 13 by way of line 28 as shown in FIG. 1. 

Referring now to FIG. 5, another embodiment of the 
present invention is shown to include not only the organic 
rankine cycle System as described hereinabove, but also a 
microturbine that can be used in combination with the 
organic rankine cycle System. For example, the microturbine 
may burn natural gas or landfill methane gas in its combus 
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4 
tion chamber, and with use of the turbine, convert that 
energy into electrical energy which may be transferred to the 
grid. In turn, the exhaust from the microturbine may be used 
to heat the boiler 11 of the organic rankine cycle System. 
The microturbine system as shown in the left side of FIG. 

5 includes a burner or combuster 29, a turbine 31, and a 
generator 32 which operate in much the same manner as the 
turbine and the generator in the organic rankine cycle System 
as described hereinabove. Further, the power generated by 
the generator 32 is typically of the high frequency type as 
described hereinabove Such that it is necessary to pass it 
through a power converter 33 to convert the power to a 
lower frequency form that can be assimilated into the grid. 
The gas turbine requires compression of ambient air and 

fuel (e.g. natural gas or methane) prior to ignition in the 
burner 29. This is accomplished by a compressor 34 which 
is driven by the shaft that is common to the generator 32 and 
the turbine 31. 
The power converter 33 is of the same type as the power 

converter 17, and the cooling arrangement as shown in FIG. 
4 is Substantially the same, with liquid refrigerant passing 
along line 36 to the cold plate of the power converter 33, and 
the refrigerant vapor then passing back to the condenser 15 
by way of line 37. 
So far the present invention has been described in terms 

of use of liquid refrigerant from an organic rankine cycle 
System, that is diverted to a power converter for cooling the 
components therein. However, it should be recognized that 
this Source of liquid refrigerant can come from other types 
of apparatuS Such as that as shown in FIG. 6. Here, a rather 
conventional vapor compression System is shown to include 
a throttle valve 38, a condenser 39 and a compressor 41 
driven by a motor 42. However, rather than an evaporator 
that is part of a conventional vapor compression System, the 
cold plate 43 of a power converter, having openings 44 for 
the flow of refrigerant is connected in as part of the cycle. 
Thus, liquid refrigerant flows along lines 46 from the throttle 
valve 38 to the cold plate 43 where it is expanded to cool the 
cold plate 43. The resulting refrigerant vapor then flows 
from the cold plate 43, along lines 47 to the compressor 41. 
The cooling requirement of a power converter is around 

3% of the power being converted. A typical air cooled air 
conditioning device having a coefficient of performance of 
around 3, will therefore need only 1% of the power gener 
ated to perform the cooling thus doubling the power density 
or capacity of th power converter. 
The vapor compression System as shown in FIG. 6 is a 

relatively Small System on the order of a room air condi 
tioner for a 200 kw microturbine, and can be easily and 
economically adapted for use to cool a power converter and 
in doing So will Substantially increase its power capacity So 
as to being about Substantial economic gains. 
While the present invention has been particularly shown 

and described with reference to preferred and alternate 
embodiments as illustrated in the drawings, it will be under 
stood by one skilled in the art that various changes and detail 
may be effected therein without departing from the true Sprit 
and Scope of the invention as defined by the claims. 
We claim: 
1. A power conversion System for converting electrical 

power from a high frequency level to a lower frequency 
level comprising: 
means for rectifying the power of a high frequency AC 

Source to create a direct current; 
means for converting Said DC current to AC current of a 

lower frequency than that of Said AC Source, Said 
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converting means including a plurality of Switching 
mechanisms mounted in heat eXchange relationship 
with a cold plate; and 

liquid refrigerant circulation means for circulating liquid 
refrigerant through Said cold plate to provide cooling 
thereof 
wherein Said liquid refrigerant is obtained from a 

condenser in a closed circuit System. 
2. A power conversion System as Set forth in claim 1 Said 

Switching mechanisms comprise transistors. 
3. A power conversion System as Set forth in claim 2 

wherein Said transistors comprise insulated gate bipolar 
transistors. 

4. A power conversion System as Set forth in claim 1 
wherein Said liquid crefrigerant circulation means includes a 
plurality of passages in Said cold plates. 

5. A power conversion System as Set forth in claim 1 
wherein Said closed circuit System is a vapor compression 
cycle. 

6. A power conversion System as Set forth in claim 1 
wherein Said power is derived from a generator driven by a 
turbine in an organic rankine cycle System. 

7. A power conversion System as Set forth in claim 1 
wherein Said power is derived from a microturbine. 

8. An electrical power generating System comprising: 
a turbine for receiving a gaseous medium and converting 

its energy to motive power; 
an electrical generator drivingly connected to Said turbine 

for producing AC power at a relatively high frequency; 
a power converter connected to Said generator for con 

Verting Said high frequency AC power to lower fre 
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quency AC power with the use of a plurality of 
Switches, and 

means for cooling Said plurality of Switches by circulating 
liquid refrigerant through a structure on which Said 
Switches are mounted. 

9. An electrical power generating System as Set forth claim 
8 wherein Said gaseous medium is a refrigerant. 

10. An electrical power generating System as Set forth in 
claim 8 wherein Said gaseous medium is heated by com 
bustion gases. 

11. An electrical power generating System as Set forth in 
claim 8 wherein Said plurality of Switches are transistors. 

12. An electrical power generating System as Set forth in 
claim 11 wherein Said transistors comprise insulated gate 
bipolar transistors. 

13. An electrical power generating System as Set forth in 
claim 8 wherein said structure on which said Switches are 
mounted comprises a cold plate. 

14. An electrical power generating System as Set forth in 
claim 13 wherein Said cold plate has a plurality of passages 
formed therein. 

15. An electrical power generating System as Set forth in 
claim 8 wherein said liquid refrigerant is derived from a 
condenser in a closed circuit System. 

16. An electrical power generating System as Set forth in 
claim 15 wherein Said closed circuit comprises a vapor 
compression System. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,989,989 B2 Page 1 of 1 
APPLICATION NO. : 10/463045 
DATED : January 24, 2006 
INVENTOR(S) : Joost J. Brasz et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 4 line 23 the numeral “15” should be numeral--13 

Column 4 line 44 the numeral “3” should NOT be in BOLD 

Column 4 line 46 “th should be --the-- 

Column 5 line 15 “crefrigerant should be-refrigerant 

Signed and Sealed this 

Fifteenth Day of August, 2006 

WDJ 
JON. W. DUDAS 

Director of the United States Patent and Trademark Office 


